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L INTRODUCTION

Silicide Schottky infrared (Ill) detectors offer promise of a low-cost, rugged, medium

wavelength infrared (MWIR) thermal imaging technology with advantages in silicon-based

fabrication, producibility, array size, response uniformity, and low I/f noise (1]. State-of-the-art

640 x 480- and 1024 x 1024-element PtSi focal plane arrays, with cutoff wavelengths ranging

from 5.1 to 5.9 pm, are used for imaging in the 3-5 pm medium wavelength infrared (MWIR)

region[2-5].

The spectral response of the silicide Schottky IR detector follows the modified Fowler

equation, given by

(hv-YO)2q=c] hv )=:1.24CIL (~- +2L kc
(1)

where q is the quantum efficiency (QE), Cl is the emission coefficient, hv and L are the energy

and the wavelength of the incident photon, respective y, ‘PO is the optical potential barrier, and

kc is the cutoff wavelength, given by

Xc=@.
Y~

(2)

There is a great interest in extending the PtSi cutoff wavelength for long wavelength

infrared (LWIR) operation in the 8-14 ~m regime and for improved MWIR performance as

given by Eq. 1. Previously, we have demonstrated extended PtSi cutoff wavelengths ranging

from 5.7 to 22 ~m by incorporating a thin p ‘“ layer (doping spike) at the PtSi/silicon

interface[6,7]. The structure of the dc)ping-spike  Pt Si Schottk y infrared detectors is shown

schematically in Fig. 1. The effective Schottky barrier height is determined by the combined

effects of the image-force effect and the electric field due to the ionized dopants in the depletion

region, as shown in Fig. 2. Therefore by incorporating a thin p+ layer to take advantage of the
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strong Schottky image force within -2 nm from the PtSi./Si interface, as shown for two doping

levels in Fig. 2 (a) and (b), the effective Schottky  barrier can be reduced . The barrier reduction

AY due to the p+ doping spike is given approximately by

AY=+Nd2 (3)
2 Es;

where N and d are the doping concentration and the thickness of the doping spike, respectively.

Previous cutoff extension approaches utilized doping spikes thicker than 5 nm, resulting in the

formation of potential spikes near the silicide/Si  intel  face, and thus required an additional

tunneling process for the collection of photo-excited carriers which drastically reduced the

detector response [8,9].

In this paper, we demonstrate the extended PtSi cutoff wavelengths and determine the

maximum doping spike thickness, dc, for the potential reduction without the tunneling effect.

Thermionic-emission-limited  dark current characteristics were observed for PtSi detectors with

doping spikes thinner than dc. For detectors with doping spike thicker than ~, undesirable

thermally -assisted-tunneling dark current characteristics were observed, and consequently lower

operating temperatures were required to reduce the dark current.

IL CRITICAL SPIKE THICKNESS

The potential and the electric field in the Si near the silicide/Si

detector are given by j 10]

N(2d-x)+Ed)x-l.  d—
(j)(x)  =( q

2 Esi 16~~six

d= q N~ (x-d)22  ‘8;:  v  
( X  - d )  -  ——-

N dz
= +___.!l_+  (L_

2 Esi 16n &six 2 ~.si

d+
E(x) = - ~ = 4.. - *2 - z~d

16~esix2 Esi

for the doping-spike

for x e d (5a)

+E d d) forx > d (5.b)

for x < d (6a)
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= __9----- + qNs(x-Q -Ed

16~&six~ Esi
for x > d (6.b)

where Ns is the doping concentration of the substrate, V is the bias voltage, Ed is the electric
— .

field at x = d due to the depleted region, given by Ed = NS(V+-@)/csj  , and $ is the Schottky

I barrier height. As indicated in Eq. 6, E (x) is larger than zero for x near the silicide/Si interface

and for x > d due to the strong Schottky effect. However, due to the degenerate doping

concentration of the doping spikes, for spikes thicker than a critical thickness dc, E(x) may be

less than zero in the region x <d, resulting in the formation of a local potential maximum at x <

d, as shown in Fig. 2 (b). This potential maximum facilitates hole accumulation at x = d, and the

subsequent tunneling of holes into the substrate (thermally-assisted tunneling).

The critical spike thickness, dc is given by equating E(x) = O, i.e..,

Therefore,

dc =
3/4 &si Ed 3/4

~1~ N1j3
-  ‘~N–’ Z ~P N]/’3

for x <d. (7)

(8)

Consequently, the critical spike thickness is determined mainly by the doping

concentration of the spike, and is not sensitive to the bias voltage, especially for higher doping

concentration, Figure 3 shows the critical thickness fcm the doping spikes as a function of the

spike doping concentration. As the doping concentration increased from 10’9 to 102’ cm-3, the

critical spike thicknesses decreases from 2.4 to 0.5 nm. Also shown in Fig. 3 are two curves for

potential reduction of 0.05 and 0.15 eV, respectively, given by F~. 3. A critical spike thickness

of 2.1 nrn and a doping concentration of 1.5 x10] g cm-q are required for the 0.05 eV potential

reduction, which corresponds to a cutoff wavelength of 6.5 pm for the PtSi detector. For a

longer cutoff wavelength, a smaller thickness and a significantly higher doping concentration for

the doping spike are required. For example, a 0.7-nm-thick spike with a doping concentration of

I



4 x 10zo cm-s is required for a 14 pm cutoff wavelength (().15 eV potential reduction).

The critical thickness and the corresponding doping concentrate ion for a specific potential

reduction can be estimated by combining Eq. 3 and Eq. 8:

dc = 0.211 ~--
x &si A!P

N = 44.9
X2 &si3 AY3

q3 ‘-

(9)

(10)

Figure 4 shows the critical thickness and the corresponding doping concentration as a function of

the potential reduction ancl the extended cutoff wavelength for PtSi detectors assuming a

Schottky barrier height of 0.24 eV. To extend the cutoff wavelength, the thickness of the doping

spike must be reduced with an increased doping concentration to obtain a larger potential

reduction.

111. DETECTOR FABRICATION

Five PtSi detectors were fabricated on double-side polished Si (100) wafers with a

resistivity  of 30 C?-cm. These detectors incorporated p+ spikes at the PtSi/Si  interface with

thicknesses ranging from 0.7 to 1.1 nm and boron doping, concentrations ranging from 5 x 1019

to 2 x 1020 cm-s, and the PtSi layers were 4-rim-thick. The p+ doping spikes were grown by

MBE. The details of the MBE growth of the p+ doping spikes and the PtSi formation are given

elsewhere [6,7]. The device structure incorporated n-type guard rings which define the periphery

of the active device areas in order to suppress the edge leakage. Neither an anti-reflection

coating nor an optical cavity was incorporated in these test devices. The corresponding spike

thicknesses and doping concentraticms of these detectors are also indicated in Fig. 3.

IV. DETECTOR CHARACTERISTICS AND DISCUSS1ON

Thermionic-emission  limited current characteristics were observed for all detectors. The

typical I-V characteristics and the spectral response of a typical 6.5-Lm-cutoff  doping-spike PtSi

detector (Sample B) are shown in Fig. 5 (a) and (b), respectively. The active device area is 4 x

t
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10-4 cm2, and the thickness and the doping concentration of the doping spike are 0.9 nm and 6 x

1019 cm-3, respectively. The spectral response wasmeasurcd  at 40Kandbiased at-0.5 Vwith

back-side illumination using a lOOOK blackbody  source. The photoresponse is relatively

insensitive tothe  bias voltage. Compared toconventiona  lPtS idetectors which cutoff at -5.5

~m, the detector provides a significantly-improved 3-5 ~mMWIR response.  The cutoff

wavelength can be further extended by increasing the doping-spike concentration. Figure 6

shows the spectral response ofsample Ewitha 14 pm cutoff wavelength. Duetoits  Fowler

dependence (Eq.1  ), the response decreases with theincreasing  wavelength.

The thermal potential barrier ~land the Richardson constant A** were determined by

plottingJf12versusl/kT  (the activation energy plot), where Jo is the dark current density and

T is the absolute temperature. Figure 7 shows the activation energy plots at -0.5V bias of two

typical doping-spike PtSi cletectors  (sample B and E). The thermal potential barriers were

determined at the same -0.5 V bias of the spectral response measurement. Thermal potential

barriers Yt of 0.193 and 0.051 eV and Richardson constants A** of 72. and 0.1 A cm-2 K-2 were

measured for sample B and E, respectively.

The cutoff wavelengths, kc, and the corresponding optical potential barriers, YO, for the

detectors were determined by the modified Fowler  plot. Optical potential barriers YO ranging

from 0.088 to 0.216 eV, corresponding to cutoff wavelengths ranging from 14 to 5.74 Lm were

determined from the linear portions of the modified Fowler  plots. The spike thickness, the

doping concentration, the thermal potential barrier Yt, the Richardson constant A**, and the

optical potential barrier Y’. are shown in Table 1 for comparison.

We note that sample D & E are in the tunneling region because their doping spikes are

thicker than the critical thicknesses given by Eq. 8, as shown in Fig. 3. From Table 1, the Yt for

these two samples are dramatically lower than their W(, (YO - Y1 of 0.056 and 0.037 ev for

samples D and E, respectively) ancl the A** are

for these samples are reduced as a result of the

.

smaller than those of the other samples. The Wt

thermally-assisted tunneling effect, as shown in
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Fig. 2 (b). Because of the additional tunneling process required for the collection of holes,

smaller A** were observed for these samples. Similarly, the collection of the photo-excited

holes involving the tunneling process is very difficult dtw to their short lifetime. Consequently,

no reduction of the optical potential barriers Y’. were observed from the photoresponse

measurements . The lower Y’t is undesirable because a lower operating temperature is required

to reduce the dark current.

The doping spikes of the sample A, B, and C are thinner than the critical thickness, as

shown in Fig. 3. From Table 1, we note that for these samples, the thermal potential barriers Y’t

are similar to the optical potential barriers Wo, with disc~ epancies less than 0.004 eV, indicating

the absence of the tunneling effect. Therefore, doping spikes thinner than the critical thickness

are desirable for cutoff extension to maximize the detextor  operating temperature.

V. SIJMMARY

A doping spike technique for the extension of silicide  Schottky  IR detector cutoff

wavelength has been developed and extended cutoff wavelengths have been observed for the

doping-spike PtSi Schottky  infrared detectors. The critic-al thickness of the doping spike without

the tunneling effect has been determined, Thermionic-emission-limited  and thermally-assisted

tunneling dark current characteristics were observed for detectors with spikes thinner and thicker

than the critical thickness, respectively.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

FIGURE CAPTIONS

Schematic diagram of doping-spike PtSi/p-Si  Schottky  infrared detector.

Calculated energy band diagrams of two doping-spike PtSi detectors within 8 nm

from the PtSi/Si interface: (a)with a 0.9-nm-thick  spike, [B] == 1020 cm-s and (b) with

a 0.9-nm-thick spike, [B] = 2.3 x 1020 cm-s. The bias voltage is -0.5 V.

Critical thickness for the doping spike versus spike doping concentration. Also

shown are two curves for 0.05 and 0.15 eV potential reduction given by Eq. 3. The

p+ spike thicknesses and doping concentrations of the doping-spike PtSi samples are

indicated.

Critical thickness and doping concentration of the doping spike as a function of the

potential reduction.

Dark current characteristics (a) and the spectral response (b) of sample B. The active

detector area is 4 x 10-4 cm2.

Spectral response of a typical 14 ~m cutoff backside-illuminated doping-spike PtSi

detector (sample E). Neither an optical cavity nor an anti-reflection coating was

incorporated in this detector.

Activation energy plots of sample B and sample E. Y’t and A** were determined

from the slopes and the intercepts of the lineti fit curve fits, respectively.
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TABLE 1. The spike thickness d, the spike doping concentration [R], the thermal potential

barrier Wt, the Richardson constant A**, the optical potential barrier Yo , and the cutoff

wavelength ~ for the doping-spike PtSi detectors.

Sample # d [B] Tt A** ~’. k. v~ .Yt

(rim) (cm-s) (eV) (Acm-2K-2) (eV} (pm) (eV)..—

A 0.7 6 X 1019 0.218 46 0.217 5.74 -0.001

B 0.9 6x 10I9 o.193 72 0.189 6.56 -0.004

c 1.1 6x 1019 0.173 37 0.170 7.3 -0.003

D 1.1 1 x lo?~ 0.112 0.16 0.168 7.38 0.056

E 0.9 2.3 X 10~0 0.051 0.10 0.088 14.1 0.037..——

.
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